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7KHUHDUHWZRNLQGVRIOLPLWORDGVIRUDVXUIDFHIODZHGVWUXFWXUH>@WKHORFDOSODVWLFFROODSVHOLPLWORDGDQGWKH
QHWVHFWLRQJOREDOOLPLWORDG7KHIRUPHULVFRUUHVSRQGLQJWRWKHOLJDPHQW\LHOGDWWKHGHHSHVWSRLQWRIWKHIODZDQG
WKHODWWHULVUHOHYDQWWRWKHZKROHIODZHGVHFWLRQIDLOXUH7KHORFDOOLPLWORDGLVJHQHUDOO\ORZHUWKDQJOREDOOLPLWORDG
DQGLVXVHGIRUVXUIDFHDQGHPEHGGHGIODZV


)LJ7KHSODWH)($PRGHOZLWKZHOGVWULS
4.1. Limit load and limit load ratio of surface flaw 
$OWKRXJK D VHPLHOOLSWLFDO VXUIDFH IODZ FRXOGEH FRQVHUYDWLYHO\ UHFKDUDFWHULVHG DV D WKURXJKZDOO IODZ DVSHU
%6$QQH[( LQRUGHU WRFDOFXODWH LWV OLPLW ORDG UDWLR WKLVDSSURDFKFDQEHRYHUO\FRQVHUYDWLYH IRUDVKDOORZ
VXUIDFHIODZLQWHUPVRIWKHQHWVHFWLRQOLPLWORDGJOREDOOLPLWORDG+RZHYHULIWKH16<$LVYDOLGDVXUIDFHIODZ
FRXOGEHFRQYHUWHG WRDQHTXLYDOHQW WKURXJKZDOO IODZZLWK WKHVDPHIODZHGDUHD)RU LQVWDQFHDVXUIDFH IODZRI
DîF î PP KDV D IODZHG DUHD RI DERXW  PP ZKLFK LV HTXLYDOHQW WR D WKURXJKZDOO IODZ RI
DHT  PPORQJDVVXPLQJDSODWHWKLFNQHVVRIPP8VLQJWKHHTXLYDOHQWIODZOHQJWKWKHOLPLWORDG
UDWLRRIDVXUIDFHIODZLQSODWHFRXOGEHHVWLPDWHGXVLQJWKHWKURXJKZDOOIODZVROXWLRQVIRUSODWHZLWKZHOGVWUHQJWK
PLVPDWFK7KLVLGHDLVYHULILHGXVLQJWKH)(DQDO\VHV7KHUHVXOWVDUHSUHVHQWHGLQ7DEOH
,Q7DEOH WKH%65 OLPLW ORDG UDWLRV DUH FDOFXODWHGXVLQJ HTXDWLRQV  WR  DQGXVLQJ WKHHTXLYDOHQW
WKURXJKZDOO IODZ OHQJWK 7KH )($ OLPLW ORDG UDWLRV IRU ERWK ORFDO DQG JOREDO VROXWLRQV DUH FDOFXODWHG XVLQJ WKH
PLVPDWFKOLPLWORDGV0 RU0 GLYLGHGE\WKHFRUUHVSRQGLQJHTXDOPDWFKLQJOLPLWORDG0 
/LPLW ORDGV IURPHTXDWLRQ XVLQJ WKHQDUURZSODWHVROXWLRQDQGIURPHTXDWLRQXVLQJ WKHHTXLYDOHQW IODZ
OHQJWKDUHDOVRLQFOXGHGLQ7DEOH,WVKRZVWKDWWKHOLPLWORDGVIURPERWKHTXDWLRQVDUHWKHVDPH&RPSDULQJZLWK
)($UHVXOWVHTXDWLRQVDQGVKRZDJRRGDJUHHPHQWIRUHTXDOPDWFKLQJOLPLWORDGH[FHSWIRUWKHORFDOOLPLW
ORDGVRIORQJDQGGHHSVXUIDFHIODZV

  
D    E    F
)LJ3ODVWLF]RQHFRQWRXUVXQGHUORFDOFROODSVHIRUD[PPIXVLRQOLQHVXUIDFHIODZDHTXDOPDWFKLQJEXQGHUPDWFKLQJ
DQGFRYHUPDWFKLQJ
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  
D    E    F
)LJ3ODVWLF]RQHFRQWRXUVXQGHUJOREDOFROODSVHIRUD[PPIXVLRQOLQHVXUIDFHIODZDHTXDOPDWFKLQJEXQGHUPDWFKLQJ
DQGFRYHUPDWFKLQJ


)LJ/RFDOOLPLWORDGUDWLRYHUVXVHTXLYDOHQWIODZOHQJWKIRUVXUIDFHIODZV


)LJ*OREDOOLPLWORDGUDWLRYHUVXVHTXLYDOHQWIODZOHQJWKIRUVXUIDFHIODZV
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)LJXUHV VKRZV WKHSODVWLF]RQHFRQWRXU IRU ORFDO OLJDPHQW IDLOXUHDQG)LJ VKRZV WKHSODVWLF]RQHFRQWRXUV
ZKHQ WKH QHW VHFWLRQ UHDFKLQJ \LHOGLQJ JOREDO IDLOXUH 7KH UHODWLRQVKLSV EHWZHHQ WKH OLPLW ORDG UDWLR DQG WKH
HTXLYDOHQW WKURXJKZDOO IODZ KDOIOHQJWK DUH GHSLFWHG LQ )LJV  DQG  IRU ORFDO DQG JOREDO OLPLW ORDG UDWLRV
UHVSHFWLYHO\
7DEOH/LPLWORDGVDQGOLPLWORDGUDWLRVIRUIXVLRQOLQHVXUIDFHIODZV
6XUIDFHIODZ
VL]H
DîF
0LVPDWFK
UDWLR
0
)($OLPLWORDG
/RFDO*OREDO
03D
/LPLWORDGIURP
(TV
)($OLPLWORDG
UDWLR
/RFDO*OREDO
%65
OLPLWORDG
UDWLR
(TXLYDOHQWWKUR
ZDOOIODZOHQJWK
DHTPP
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4.2. Limit load and limit load ratio of embedded flaw 
,QRUGHUWRFRQILUPWKDWWKHVDPHOLPLWORDGUDWLRVROXWLRQVJLYHQLQHTXDWLRQVWRIRUWKURXJKZDOOIODZFDQ
EHXVHGIRUHPEHGGHGIODZVWKHHPEHGGHGIXVLRQOLQHIODZVDUHDOVRDQDO\VHGXVLQJWKH)($
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7KH UHVXOWV DUH OLVWHG LQ 7DEOH  7ZR GLIIHUHQFH OLJDPHQW OHQJWKV p= DQG PP DUH XVHG LQ WKH VWXG\ 
%DVHGRQWKH16<$DVVXPSWLRQWKHWZRIODZVVKRXOGKDYHWKHVDPHJOREDOOLPLWORDGVLIWKHQHWDUHDVDUHWKHVDPH
7KH OLPLW ORDGV IURP HTXDWLRQ  XVLQJ WKH QDUURZ SODWH VROXWLRQ DQG IURP HTXDWLRQ  XVLQJ WKH HTXLYDOHQW
WKURXJKZDOOIODZOHQJWKDUHDOVRLQFOXGHGLQ7DEOHIRUWKHSXUSRVHRIFRPSDULVRQ7KHUHODWLRQVKLSVEHWZHHQWKH
OLPLWORDGUDWLRDQGWKHHTXLYDOHQWIODZKDOIOHQJWKDUHGHSLFWHGLQ)LJ
7DEOHVKRZVWKDWWKHQDUURZSODWHVROXWLRQRIHTXDWLRQFDQQRWDOZD\VSURYLGHDFRQVHUYDWLYHHVWLPDWHRIWKH
OLPLW ORDG IRUDZLGHHPEHGGHG IODZ HJD PPZLWKD VPDOO OLJDPHQW VL]H HJS PP H[FHSW WKDW WKH
OLJDPHQWVL]HLVQRWOHVVWKDQWKHKDOIRIWKHIODZZLGWKLHSta,QDGGLWLRQDVHQVLWLYLW\VWXG\LQGLFDWHVWKDWWKH
ZLGHSODWHVROXWLRQRIHTXDWLRQLVRYHUO\FRQVHUYDWLYH
7DEOH/LPLWORDGVDQGOLPLWORDGUDWLRVIRUIXVLRQOLQHHPEHGGHGIODZV
(PEHGGHGIODZ
VL]H
DîFîS
0LVPDWFK
UDWLR
0
)($OLPLWORDG
/RFDO*OREDO
03D
/LPLWORDGIURP
(TV
)($OLPLWORDG
UDWLR
/RFDO*OREDO
%65
OLPLWORDGUDWLR
(TXLYDOHQWWKUR
ZDOOIODZOHQJWK
DHTPP
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'LVFXVVLRQ
5.1. The effect of undermatching 
)URP7DEOH)LJVDQGWKHIROORZLQJIDFWVFDQEHIRXQGIRUXQGHUPDWFKLQJFRQGLWLRQ
x 7KHOLPLWORDGUDWLRVFDOFXODWHGE\%65DUHUHVSHFWLYHO\
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x 7KH)($JOREDOOLPLWORDGUDWLRVDUHDERXWIRUDOOWKHIODZVZKLFKLVPXFKJUHDWHUWKDQSUHGLFWHG
E\%65
x 7KH)($ORFDOOLPLWORDGUDWLRVGHFUHDVHIURPWRZLWKWKHLQFUHDVHRIIODZOHQJWK
7KH DERYH IDFWV LQGLFDWH WKDW %65 DUH WRR FRQVHUYDWLYH DQG XQGHUHVWLPDWHV WKH JOREDO OLPLW ORDG IRU
XQGHUPDWFKLQJFRQGLWLRQ


)LJ/LPLWORDGUDWLRYHUVXVHTXLYDOHQWIODZOHQJWKIRUHPEHGGHGIODZV
)URP)LJ LWFDQEHFOHDUO\VHHQ WKDWZKHQZHOGPHWDO LVXQGHUPDWFKLQJ WKHSODVWLF]RQH LVFRQILQHG LQ WKH
YLFLQLW\ RI WKHZHOG VWULSZKLOVW IRU HTXDOPDWFKLQJ WKHSODVWLF ]RQHGHYHORSV DORQJGHJUHH VOLS OLQHV7KLV LV
EHFDXVH WKH VWURQJHU SDUHQW PDWHULDO UHVWUDLQV WKH SODVWLF ]RQH GHYHORSPHQW ZLWKLQ WKH ZHDNHU ZHOG PHWDO LQ
XQGHUPDWFKLQJ FRQGLWLRQ7KLV OHDGV WR D KLJKHU OLPLW ORDG UDWLR WKDQ WKHPLVPDWFK UDWLR GXH WR WKH HIIHFW RI WKH
SDUHQWPDWHULDO+RZHYHU WKLVLVQRWLQOLQHZLWKWKH16<$DVVXPSWLRQZKLFKDVVXPHVWKDWWKHOLPLW ORDGLVRQO\
GHSHQGHQWRIWKH\LHOGVWUHQJWKDWWKHIODZSODQHLHFem/Fep = Few/Fep = VYw Ar /VYp Ar=VYw/VYp =MZKHUHArLVWKH
QHWDUHD7KHUHIRUHWKH16<$LVQRWYDOLGIRUXQGHUPDWFKLQJFRQGLWLRQ
7KHGHFUHDVHRIWKHORFDOOLPLWORDGUDWLRZLWKWKHLQFUHDVHRIIODZOHQJWKFDQEHH[SODLQHGE\WKHSDWWHUQFKDQJHV
LQSODVWLF]RQHGHYHORSPHQW)LJ)RUVKRUWDQGVKDOORZVXUIDFHIODZVOLJDPHQW\LHOGLQJGRHVQRWWDNHSODFHXQWLO
WKH VWUHVV LQ WKH ZKROH ZHOG DSSUR[LPDWHO\ UHDFKHV WKH \LHOG VWUHVV 8QGHU WKLV FRQGLWLRQ WKH VWURQJHU SDUHQW
PDWHULDOJLYHVVXSSRUWWRLQFUHDVHOLPLWORDG7KLVLVVLPLODUWRWKHJOREDOOLPLWORDGFRQGLWLRQWKDWWKHOLPLWORDGUDWLR
LVJUHDWHUWKDQWKHPLVPDWFKUDWLR2QWKHRWKHUKDQGIRUORQJDQGGHHSVXUIDFHIODZVOLJDPHQW\LHOGLQJFDQKDSSHQ
ZKHQ VWUHVV LQZHOG LV VWLOOZLWKLQ WKH HODVWLF UHJLPH VR WKDW WKH VXSSRUW IURP WKH VWURQJHUSDUHQWPDWHULDO LV QRW
QRWLFHDEOHUHVXOWLQJLQWKHGHFUHDVHLQORFDOOLPLWORDGUDWLRDVWKHLQFUHDVHLQHTXLYDOHQWWKURXJKZDOOIODZOHQJWK
7KHOLPLWORDGUDWLRLVDOVRDIIHFWHGE\WKHQRUPDOLVHGOLJDPHQWVL]H\)RUDZLGHZHOGVWULS(\<<1WKHOLPLW
ORDGUDWLRFRQYHUJHVWRWKHPLVPDWFKUDWLRZKLOVWIRUDYHU\QDUURZZHOGVWULS\>>1WKHOLPLWORDGUDWLRLVJUHDWHU
WKDQWKHPLVPDWFKUDWLRDQGDSSURDFKLQJWR
%DVHGRQDERYHDQDO\VLVLWLVFOHDUWKDW%6DQG5SODWHVROXWLRQVXQGHUHVWLPDWHWKHJOREDOOLPLWORDGUDWLR
IRUWKHLQWHUIDFHIODZVLQXQGHUPDWFKLQJFRQGLWLRQ7KLVFRQFOXVLRQLVDOVRFRQILUPHGE\DQRWKHUVWXG\LQ>@IRUWKH
LQWHUIDFH IODZV LQ DSLSHXQGHUPDWFKLQJJLUWKZHOG+RZHYHU LI ORFDO OLPLW ORDG LV UHTXLUHG WKH%6DQG5
VROXWLRQVDUHDFFHSWDEOH5XVHVHTXDWLRQIRUDOO\,WLVQRWFRUUHFWDQGQRWFRQVHUYDWLYHIRUZLGHZHOG$WHVW
)($ UXQ ZLWK  PP ZLGH ZHOG VWULS VKRZV WKDW WKH ORFDO DQG JOREDO OLPLW ORDG UDWLRV DUH  DQG 
UHVSHFWLYHO\ZKLFKDUHORZHUWKDQ5HVWLPDWH
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,Q WHUPV RI WKH HPEHGGHG IODZV WKH JOREDO OLPLW ORDG UDWLRV JLYHQ LQ7DEOH  DQG )LJ   IRU XQGHUPDWFKLQJ
FRQGLWLRQDUHDOVRDURXQGVDPHDVWKHVXUIDFHIODZVEXWWKHORFDOOLPLWORDGUDWLRVGHFUHDVHZLWKWKHLQFUHDVH
RIWKHHTXLYDOHQWIODZOHQJWKDQGWKHGHFUHDVHRIWKHOLJDPHQWVL]H
5.2. The effect of overmatching 
)URP7DEOH)LJVDQGWKHIROORZLQJIDFWVFDQEHIRXQGIRURYHUPDWFKLQJFRQGLWLRQ
x 7KHOLPLWORDGUDWLRVRI%65DUHHTXDOWRIRUDOODVVHVVHGIODZVGXHWR\!
x 7KHJOREDOOLPLWORDGUDWLRVIURPWKH)($DUHDERXWaIRUDOOWKHIODZV
x 7KHORFDOOLPLWORDGUDWLRVIURPWKH)($DUHDERXWaIRUDOOWKHIODZV
%DVHGRQWKH16<$WKHOLPLWORDGUDWLRRIWKHIXVLRQOLQHIODZVLQRYHUPDWFKLQJZHOGLVFem/Fep =Fep/Fep=1.0
ZKLFKLVFRQVLVWHQWZLWKWKH%6DQG5SUHGLFWLRQ7KLVPHDQVWKDWWKHUHLVQRLQFUHDVHLQOLPLWORDGIRUZHOG
VWUHQJWKRYHUPDWFKLQJIRUWKHIXVLRQOLQHIODZV,WLVWUXHIRUERWKORFDOOLPLWORDGUDWLRDQGJOREDOOLPLWORDGUDWLR
$OWKRXJKVRPHUDWLRVLQ7DEOHDUHVOLJKWO\JUHDWHUWKDQWKHPD[LPXPGLIIHUHQFHLVRQO\DQGLVQHJOLJLEOH
7KH16<$ LV YDOLG IRU RYHUPDWFKLQJ FRQGLWLRQ ,Q WKLV FRQGLWLRQ WKH SODVWLF ]RQH GHYHORSPHQW SDWWHUQ LV WKH
VDPHDVWKDWRIWKHKRPRJHQHRXVPDWHULDODVVKRZQLQ)LJDDQGF
7KH RYHUPDWFKLQJ OLPLW ORDG LV DOVR DIIHFWHG E\ WKH QRUPDOLVHG OLJDPHQW VL]H\ 7KH RYHUPDWFKLQJ HIIHFW LV
VDOLHQWIRUYHU\ZLGHZHOGDQGVXEVWDQWLDOO\UHGXFHGZKHQWKHOLJDPHQWUDWLR\>>1YHU\QDUURZZHOGDVUHYHDOHG
LQ>@
)RUHPEHGGHGIODZERWKJOREDODQGORFDOOLPLWORDGUDWLRVLQ7DEOHDQG)LJIRURYHUPDWFKLQJFRQGLWLRQDUH
EHWZHHQDQGDPD[LPXPGLIIHUHQFHRI
,WFDQEHFRQFOXGHGWKDWRYHUPDWFKLQJZHOGFDQEHWUHDWHGDVDQHTXDOPDWFKLQJZHOGIRUDIXVLRQOLQHIODZ7KLV
FDQVLJQLILFDQWO\VLPSOLI\WKH(&$SURFHGXUH7KHVDPHFRQFOXVLRQKDVEHHQIRXQGLQ>@+RZHYHUIRUWKHZHOG
FHQWUHIODZVDQGWKHIXOOFLUFXPIHUHQWLDOVXUIDFHIODZVWKHRYHUPDWFKLQJFDQLQFUHDVHWKHOLPLWORDGIRUZLGHZHOG
VWULSDFFRUGLQJWR>@ WKLVEHQHILW LVPLQRUDV WKHPDMRULWLHVRIZHOGPHQW LQSUHVVXUHYHVVHODQGSLSLQJLQGXVWU\
KDYHDQDUURZZHOGVWULS\>>1
5.3. Application of plate through-wall solutions to surface and embedded flaws in plate 
7KHPDLQSXUSRVHRIWKLVVWXG\LVWRLQYHVWLJDWHZKHWKHUWKHOLPLWORDGUDWLRVROXWLRQVRIDWKURXJKZDOOIODZFDQ
EHXVHGIRUWKHVXUIDFHDQGHPEHGGHGIODZV
)URP7DEOHVDQGDQG)LJVWRWKHIROORZLQJIDFWVFDQEHIRXQG
x 7KHOLPLWORDGUDWLRVRIWKHVXUIDFHIODZVIURPWKH)(DQDO\VHV)LJVDQGDUHFORVHIRUWKHVDPHHTXLYDOHQW
WKURXJKZDOOIODZOHQJWKV7KLVLVWUXHIRUERWKWKHORFDODQGJOREDOOLPLWORDGUDWLRVDQGIRUERWKXQGHUPDWFKLQJ
DQGRYHUPDWFKLQJFRQGLWLRQV
x (TXDWLRQFDQSURYLGHDFRQVHUYDWLYHHVWLPDWHRIJOREDOOLPLWORDGIRUVXUIDFHDQGHPEHGGHGIODZVXVLQJDQ
HTXLYDOHQWWKURXJKZDOOIODZOHQJWKDVVKRZQLQ7DEOHVDQG
x 7DEOHDQG)LJLOOXVWUDWHWKDWWKHJOREDOOLPLWORDGUDWLRVRIWKHHPEHGGHGIODZVDUHWKHVDPHIRUWKHVDPH
HTXLYDOHQWWKURXJKZDOOIODZOHQJWKHYHQWKRXJKWKHOLJDPHQWVL]HVDUHGLIIHUHQW7KLVLVWUXHIRUERWK
XQGHUPDWFKLQJDQGRYHUPDWFKLQJFRQGLWLRQV
x 7KHOLJDPHQWVL]HDIIHFWVWKHORFDOOLPLWORDGUDWLRRIWKHHPEHGGHGIODZVIRUXQGHUPDWFKLQJFRQGLWLRQ
,IWKHOLPLWORDGUDWLRVIRUDOOVXUIDFHDQGHPEHGGHGIODZVDUHSORWWHGLQWKHVDPHILJXUH)LJVIRUWKHORFDOOLPLW
ORDGVDQG)LJIRUWKHJOREDOOLPLWORDGVLWFOHDUO\LQGLFDWHVWKDWWKHJOREDOOLPLWORDGUDWLRVKDYHWKHVLPLODUYDOXHV
IRUDOOWKHIODZVXQGHUWKHVDPHHTXLYDOHQWIODZOHQJWK,WLVWUXHIRUDOOWKHPLVPDWFKLQJFRQGLWLRQV+RZHYHUIRU
WKHORFDOOLPLWORDGUDWLRVWKHPLQRUGLIIHUHQFHVH[LVWIRUHPEHGGHGIODZVZLWKWKHGLIIHUHQWOLJDPHQWVL]HVWKHVDZ
WRRWKHGVKDSHLQ)LJ)RUH[DPSOH WKHVDPHVL]HHPEHGGHGIODZVDîF îPPZLWKWKHGLIIHUHQW
OLJDPHQWVL]HVRIPPDQGPPWKHORFDOOLPLWORDGUDWLRVDUHDQGJLYHQLQ7DEOH+RZHYHUWKH
GLIIHUHQFHEHWZHHQWKHWZRLVRQO\ZKLFKLVZLWKLQWKHHQJLQHHULQJWROHUDQFHDQGLVQHJOLJLEOH
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
)LJ/RFDOOLPLWORDGUDWLRYHUVXVHTXLYDOHQWIODZOHQJWK


)LJ*OREDOOLPLWORDGUDWLRYHUVXVHTXLYDOHQWIODZOHQJWK
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHHTXLYDOHQWWKURXJKZDOOIODZOHQJWKPHWKRGFDQEHXVHGWRGHWHUPLQHWKH
ORFDORUJOREDOOLPLWORDGUDWLRIRUVXUIDFHDQGHPEHGGHGIODZVDQGIRUXQGHUPDWFKLQJDQGRYHUPDWFKLQJFRQGLWLRQV
&RQFOXVLRQV
)URPWKHGLVFXVVLRQDERYHWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIRUDIODZHGVWUXFWXUHVXEMHFWWRWHQVLOHORDG
ZLWKZHOGVWUHQJWKPLVPDWFK
x 7KH%6DQG5OLPLWORDGUDWLRVROXWLRQVIRUWKURXJKZDOOIODZVLQSODWHXQGHUWHQVLRQFDQEHXVHGIRU
VHPLHOOLSWLFDOVXUIDFHDQGHPEHGGHGIODZVXVLQJHTXLYDOHQWWKURXJKZDOOIODZOHQJWKRQWKHEDVLVRIWKHVDPH
IODZHGDUHD
x 7KHHTXLYDOHQWWKURXJKZDOOIODZOHQJWKPHWKRGFDQEHXVHGIRUERWKXQGHUPDWFKLQJDQGRYHUPDWFKLQJ
FRQGLWLRQV
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x )RUIXVLRQOLQHIODZVLQXQGHUPDWFKLQJZHOGPHQWWKHFXUUHQWOLPLWORDGUDWLRVROXWLRQVIRUIXVLRQOLQHIODZVJLYHQ
LQ%6DQG5FDQXQGHUHVWLPDWHWKHJOREDOOLPLWORDGUDWLRWRRFRQVHUYDWLYH+RZHYHUWKH\FDQSURYLGH
UHDVRQDEOHHVWLPDWLRQIRUORFDOOLPLWORDGUDWLRV5VROXWLRQLVQRWVXLWDEOHIRUZLGHZHOG
x 7KHLQFUHDVHLQOLPLWORDGXQGHURYHUPDWFKLQJFRQGLWLRQFDQEHQHJOLJLEOHIRUPRVWRIWKHZHOGVLQSUHVVXUH
YHVVHODQGSLSLQJLQGXVWULHVH[FHSWIRUZHOGFHQWUHIXOOFLUFXPIHUHQWLDOVXUIDFHIODZV,WLVUHFRPPHQGHGXVLQJ
SDUHQWPDWHULDOSURSHUWLHVIRURYHUPDWFKLQJFRQGLWLRQWRVLPSOLI\WKH(&$ZKHQDGHWDLOHG)($LVQRWUHTXLUHG
5HIHUHQFHV
>@ %6$*XLGHWRPHWKRGVIRUDVVHVVLQJWKHDFFHSWDELOLW\RIIODZVLQPHWDOOLFVWUXFWXUHV%ULWLVK6WDQGDUGV,QVWLWXWLRQV

>@ 55HYLVLRQ$PHQGPHQW$VVHVVPHQWRIWKHLQWHJULW\RIVWUXFWXUHVFRQWDLQLQJGHIHFWV(')(QHUJ\1XFOHDU*HQHUDWLRQ/WG
>@ $3,$60())66HFRQGHGLWLRQ)LWQHVVIRU6HUYLFH$3,$60(VWDQGDUG
>@ <-.LPDQG.+6FKZDOEH0LVPDWFKHIIHFWRQSODVWLF\LHOGORDGVLQLGHDOLVHGZHOGPHQWV,:HOGFHQWUHFUDFNV(QJLQHHULQJ)UDFWXUH
0HFKDQLFV
>@ <-.LPDQG.+6FKZDOEH0LVPDWFKHIIHFWRQSODVWLF\LHOG ORDGV LQ LGHDOLVHGZHOGPHQWV,,+HDWDIIHFWHG]RQHFUDFNV(QJLQHHULQJ
)UDFWXUH0HFKDQLFV
>@ 8 =HUEVW 5$$LQVZRUWK DQG00DGLD 5HIHUHQFH ORDG YHUVXV OLPLW ORDG LQ HQJLQHHULQJ IODZ DVVHVVPHQW $ SURSRVDO IRU D K\EULG
DQDO\VLVRSWLRQ(QJLQHHULQJ)UDFWXUH0HFKDQLFV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
>@ 76ULVNDQGDUDMDK/=KXDQG':=KRX(IIHFWRIZHOGVWUHQJWKPLVPDWFKRQOLPLWORDGRIVXUIDFHDQGHPEHGGHGIODZVLQSLSHOLQHJLUWK
ZHOG6XEVHDLQWHUQDO5	'UHSRUW
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